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The relative contriburion ro household dusr of lead parricles from a mining waste 
superfund sire and lead-based painr is investigated. Auromated individual particle 
analysis (IPA) based on scanning electron microscopy (SEM) and X-ray energy 
specrroscopy (EDX) is used ro develop a classification algorithm for deterikning lead 
parricle source contribution in household Ousr vacuum bags. On a volume basis the 
proponion derivedfrom the mining wasre is found ro be 26%. the proportion derived 
from a painr source is 16%. and ;:re proportionfrom soil is 37%. In 15% of the lead. 
parricles idenrified a specific originating source could nor be derermined. Using a 
weighting methodaccountingfor the lead concentration per parride rarher rhan volume 
rhe contriburiom were similar for mining wasre and painr, 21 % and 23%, respectively, 
bur the soil conmiburion was reduced ro 8%. and rhe source for 29% of the lead could 
nor be identified. These results suggesred rhar the contriburion of wasre piles ro rhe lead 
presenr in household dust is at least as imporranr a source as paint. There is evidence fo 
suggest that a largepercrnrage of lead in the soil aTioriginafedfmm rhe wasre piles 
and rhe overail conm'burion, rherefore, of rhe wasre piles may be greater rhan the 
conrriburionfrom painr. 
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, I  

B.+CKCROU~LI 

. AS part of a study of the Big River Mine Tailings Superfund Site b a d  Exposure Study (ATSDR. 
1997). Individual Particle Analysis techniques were applied to household vacuum cleaner bag 
dust from residential units and to the potential source materials, mine tailing waste and paint. 
Lead is na'turaUy occurring in the &a, but the deposition of mine tailings at ground surface has 
.made lead exposure to people more prominent through use as fill material and wind blown 
deposition. Lead i s  also a health hazard in older homes where lead-based paint had been used. 
People living near the site have been exposed to lead through incidental ingestion of soils and 
dust contaminated with lead (ATSDR, 1994) and increased percentage of elevated blood leads in 
children when compared to a control site h q  been attributed to the presence of the mine tailings 
'(ATSDR, 1997). The contribution of the lead,mining waste, paint and other sobs is hportant 
to know for exposure and risk assessment evaluation. These findings can be used for development 
of intervention approaches forreducing the exposure hazards, and setting priorities for prevention. 
The study objectives of this component were to: (1) determine whether lead particulate in the 
mining waste materials could be distinguished from other sources of lead-bearing origin; if so. 
(2) to develop a cla.isiiica.tion scheme that will distinguish between lead particulate originating 
from mining waste from that of paint; and, (3) to estimate the percent contrihutions of mine 
waste and paint to the lead present in household dusts. Presented are a summary of the findings. 

Lead in household dust is derived from a variety of sources. The major potential sourcc in 
residential properties is lead-based paint (Imphear et al., 1996). Further contributions to dust 
lead loading include hobbies (soldering, ammunition reloading, etc.),lead derived from the work 
place environment, infiltration of atmospheric aerosols and transpon (wkidblown. foot tra5c. 
etc.) of contaminated soils into the home (F'iacitelli et al., 1995; NOSH, 1995). Given the variety 
of sources. it is reasonable to assume that particulate lead in household dust may exhibit a great 
diversity in its physical and chemical forms; aspects which bear on the uptake of lead in 
systems (Barltrop and Meck. 1979; Davis et ai.. 1992; Freeman et al., 1992; Dieter et al.,'l!W3). 
Therefore, exposure studies are enhanced through estimates of lead source athibution. Inability 
to assess source contributions limits the reliability of exposure determinations. From a public 
health perspective this complicates decisions on intervention measures. 

,' 

. S o w  apportionment of lead in household dust, soil, and airborne particles from potentially 
contributing sources is =cult. In p w p l e .  the receptor model approach used for atmospheric 
aerosols (FriedlandeI. 1973; Dzuhay et al.. 1984) could be applied, but environbental 
transformations of lead (Olson and Skogerboe. 1975; Johnson and Hunt, 1995) make this diEcult 
for soils because the constant sburcecomposition assumption needed (Watson, 1982) is violated. 
Bulk chemical analysis of soils and dusts @avies et al.. 1985; Fergusson and Schroeder. 1985; 
Culbard et al.. 1988) have lacked resolution, indicating merely that soil d w  conhibute to house 
dust. The "best tracer m e t h a  of Stanek and Calabrese (1995) shows potential for quantifying 
the amount of soil lead in house dust, hut has not been applied to such determinations. Similarly, 
stableisotopetracermethods(Y~eetal.. 1983; Robmowitz. 1987) haveonlyhadlimitedsuccess. 
Radio isotope studies are prone to potential problems of source blurring due to mixing of lead 
from various sources. 
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A third method, automated individual particle analysis (IPA), was selected for source 
apportionment in the present study. P A  based on scanning electron microscopy (SEM) and 
X-ray energy spectroscopy (EDX), has been used to assess the potential originating sources of 
the lead.These techniques have been shown to discriminate between lead particles at the individual 
level when bulk sample analysis indicate compositionally similar products (Hunt et al., 1992; 
Vander Wood. 1993). Chemical and elemental morphology and composition is determined through 
SEM and EDX.analysis. Particles with morphologies and elemental associations' characteristic 
of different particulate lead source types can be identified and enumerated. If a classification 
scheme for P A  results can be developed that provides distinctive "signatures" for the different 
source type materials,it can be applied to other related samples analyzed under identical conditions, 
providing a descriptive source apportionment (Hunt et al.. 1991). 

Particulate lead transported to, or originated within, an interior residential environment does not 
appear, subsequently, to undergo significant chemical transformations that alter its "original" 
physicochemical form. Once a particulate has entered the indoor environment it is protected 
from geochemical weathering.'Based on knowledge of product composition and potential 
degradation products, groups of particles that most likely are derived from the same source can 
be.probabistically identified on the basis of morphology ahd composition. ?his automated 
microscopy-based method has been used in the United Kingdom as part'of a comprehensive 
stuhy of lead conmknation in environmental dusts (Thorton et al.. 1994). for the source 
apportionment of lead in house dusts (Hunt et al.. 1994). as part of a lead conkmination study in 
Port Pirie..Australa (Body et al., 1988) and in studies to determine lead sourcesbear a lead 
smelter in Missouri flander Wood and Brown, 1992).At present,"this method generates essentially. 
semi-quantitative results. but should be sufficient for discriminating between lead derived from 
paint alone or other environmental sources, such as mining waste piles (Johnson and Hunt, 1995). 

METHODOLOGY 

Field Samples Characterized For Clw&icaiion Scheme 
Composites from five mining waste piles, randomly selected lead-bared paint chip samples 
collected from study area homes, and eight yard soil composites were characterized and used in 
development of the classification scheme to determine particulate lead origin in household dust. 
The results of the classification scheme was' applied to household dust samples: eight homes 
selected randomly from 25 homes from the study area, and two homes from control areas. The 
household vacuum bags were collected from the occupant vacuum cleaners during previous 
environmental sampling (ATSDR. 1997). Eligibility was determined by the presence of lead in 
each of the following components at elevated levels: (1) the household average of lead-based 
paint on friction surfaces (such as windows and doors) within a child's bedroom and primary 
indoor play areas was 2 1 .O mg/cm2; (2) samples of yard soil composite more than five feet from 
painted outside walls which contained 2 400 ppm; (3) composite sample of household vacuum 
d&er bag dust 2 2W ppm; and, (4) interior window sill wipe samples 2 5M) pg/fi2. . .,::_; .,,. .~.. . 

'.*y:*. 
.,..L 
1~ . .*  

3 



362' Sterling er al. 

IPA Characterization 
The individual particle analysis protocols detailed below for specimen preparation and scanning 
elecwon microscope characterization were derived from those of Hunt et al. (1992) and Johnson 
and Hunt (1995). Since, in general. only a few percent of the parlicles in soils or house dusts 
contain detectable lead by x-ray microanalysis. the analytical challenge for such mkroscopy- 
based approaches is to provide a time efficient characterization of statistically significant 
populations of features. Our analytical sbategy employed size fractionation of the environmental 
samples to optimize instrumental conditions; m$Fe rapid and accurate feature location is possible 
for a limited size range. It also utilized a particle search strategy of "high" thresholding that 
selects high average atomic number features for characterization, usually excluding from analysis 
such geologic materials as quartz, clays or limestone. Lead containing features aggregated with 
such particles or present on them in the fo'!mof a precipitation rind would, however, be identified 
and analyzed by this procedure. 

Paint samples, randomly selected from study homes, and one specimen from a Syracuse house, 
were ground with a micro mortar and pestle and deposited directly on polycarbonate membranes 
affixed to graphite S E M  stubs. Composite samples from waste pile (Chat) collections and soil 
collections were sieved through an 85 p opening monofilament polyester mesh. After 
homogenization. sub-samples of this material were sonicated in aqueous solution and portions 
were filtered onto 0.4 p pore s u e  polycarbonate membranes and mounted in a similar fashion. 
Composites of vacuum cleaner bag contents from the homes were subjected to.wet sieving (10% 
ethanol solution) through the 85 p mesh during application of ultra sound to separate inorganic 
particles from the fibrous manix. Portions of the separated material suspension were filtered 
through polycarbonate membranes for analysis. For all SEM preparations. mass loading was 
adjusted to obtain a monolayer of particles with sufficient space between features to minimize 
adjacent particle X-ray fluorescence. All specimens were coated with carbon in a high vacuum 
evaporator prior to analysis. 

EachfeaturecharacterizedbytheIPAproccdurescontains informationonsize.estimatedvolume, 
and the relative X-ray emission intensity for 25 different elements.Tne.X-ray spccmmeter regions 
of in tek.aud the net count comctions.&$ overlap corrections and elemental efficiency factors 
were developed using NIST SRM 1633 '(fly ash), USGS Standard BCR-I. and NIST SRM 2710 
(metals in soil). Using a procedure developed by Johnson et al. (1981). the estimated volume of 
each feature, assigned specific gravity. the relative X-ray intensity of each particle and the 
expected molecular form of occurrence of each element for a given particle type were summed 
over alI observations to compute a bulk chemical composition. The spectrometer set up we used 
gave acceptable results for the'major element manix of SRM 2710 (Johnson and Hunt, 1995) 
and the lead concentration so determined was within 10% of the certified value. The percentage 
of net X-ray counts contributed by each element monitored in each feature was used fordeveloping 
the particle classification criteria. 
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The instrumentation employed for the IPA characterizations was an ETEC AutoScan SEM 
interfaced with a KEVEX 7500 X-ray specuometer system and controUed by a JxMont Scientific . 
DA-IO Image Analysis System. All analyses were carried out at a magnification of 300x and a 
digital scan generator pixel density sufficient to characterize particles as small as 05  pm. A few 
micro-crys+s of NaCl were deposited on the edge of each specimen as an imaging standard. 
The backscatter electron signal imaging threshoid was adjusted so that sodium chloride just 
disappeared. Thus the features characterized were limited to those with average atomic number 
14 and higher. Limited normal thresholding analyses of the waste pile material were also carried 
out to provide a general description of the particle types they contained. 

..-._ . .  

RESULTS AND DISCUSSION 

Analytical Limitations 
The analytical results and their interpretation relative to the potential for children’s exposure to 
lead Gihe’study homes are of course limited by the context of the analytical techniques. We 
emphasize that our observations are limited to paaiculate phases smaller than 85 pm,in sue. 
However, inadvertent ingestion of soils and dusts through the normal hand-to-mouth activity of 
children is a major exposure pathway, and the size of particles on children’s hands is generally 
smaller than 100 pm (Duggin et al.. 1985; Hunt, 1994; Wang et al., 1994). Characte&tion of 
the size range distribution of household dust captured by occupants vacuum cleaner bags in an 
urban area showed 50% of the total dust and lead containing dust mass was in the size fraction 
less than 63 p (Sterling, 1998). Other investigators have found similar results,Que Hee et al., 
(1985) reported that 77% of the lead in total household dust samples was less than 149 pm, and 
90% of the particles which adhere to a child‘s hands less than 10 p. The log normal geometric 
mean (lnGM) area equivalent diameter for the lead bearing features found in “high” thresholding 
of chat and soil samples were 3.0 pn and 1.6 pun, respectively. Individual borne dust samples 
lnGM ranged from 1.2 pn to 2.9 pn with a combined LnGM of 2.02 pm, and all showed log 
normal distributions. Thus, characterizkion of the sub-85pn fraction would seem to carry a 
substantial proportion of the information relative to potential exposure sources. 

“High” thresholding for particle location offers a substantial advantage for time efficiency in the 
particle analysis.For instance,undernormal thresholding conditions where all inorganicpaaicles 
are characterized, lead associated with =waste pile materials was obsemed in less than 6% of 
the features. Under “high” thresholding, 6040% of the particles located contained detectable 
lead. Analysis of several hundred lead-containing features could be accomplished in about 2 
hours as opposed to 20+ hours using normal thresholding. For the house dusts, where bulk lead 
concentrations were significantly lower than those for the waste pile materials, this time saving 
was necessary for the analysesto be feasible. 

The accuracy of locating lead-bearing features is also increased by “high” thresholding. The 
software controlling the SEM beam directs it to the.geometric center of a feature image, and 
gathers X-ray information from a circle whose diameter is one half the distance from the geome-3ic 
center of the image to the nearest edge. Lead-bearing inclusions, rinds or small lead rich particles 
aggregated to larger features might not be analyzed with this strategy under normal thresholding 
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conditions; they would be located by “high” thresholding. Only the high atomic number poflions 
of a heterogeneous particle would be characterized in the latter case and the size measured for a 
lead-bearing feature would not accurately reflect the size of the entire partic1e:Application of 
ultra sound to disaggregate features during specimen preparation might also affect the size 
distribution of some particle agglomerations. In the case of the vacuum cleaner samples,however. 
sonication seemed the most accurate way of separating the inorganic particles from the organic 
mahix. . . ’  ... 

Particle Classification Scheme Development 
The waste pile materials and the paint samples showed distinct particle types. Under conditions 
of both “normal“ and “high thresholding” analysis the percentage of 1ead.X-rays in the paint 
particles stiowed a similar distribution and generally contained titanium, barium andor zinc as 
distinctive co-constituent elements. Various amounts of calcium, sulfur and silicon were also 
found. A0 initial characterization of the waste pile material, at normal tbresholding, showed that 
on a volume weighted basis it contained: 76% calcium rich particles.(as in limestone anddolomik), 
11% calciudsilica mix particles, 9% high silica, 1% as high iron particles (including pyrite) and 
about 3% miscellaneous features. Only trace amounts of aluminosilicate materials were observed. 
Lead was observed in less than 6% of the features. Under high thresholding, lead was observed 
in 60-80% of the waste pile particles and had a strong association with calcium, and to a lesser 
extent with particles containing iron and sulfur. In general, lead X-ray relative intensity in these 
features were either low (less than or equal to 15%) or high (greater than 50%). 

A descriptive, hierarchical sorting algorithm for particle classification was developed based on 
these generalities. Figure 1 shows the shucture of the scheme and indicates the specific X-ray 
intensity criteria for the elements found useful in classification. Six major categories are delineated 
on the left side of the figure. A p d c l e  satisfying one of these categories was further partitioned 
by the second set of sub-category criteria outlined to the right. No imn-sulfur-lead @e-S-PB) 
particle elemental associations were observed in the paint samples for category 1, so no further 
sub-classification was developed, and category 1 is only characteristic of waste pile materials. 
Analyses of the paints and the waste pile +rials were used, in an iterative fashion, to establish 
waste pile and paint sub-categories for categories 2 4  minimizing the degree of incorrect 
classification. That is, criteria were sought which excluded Chat particles from the Paint subgroups 
and vice versa. This emphasis on preventing incorrect classification is the chief value of a 
descriptive classscation scheme. However, it creates an “unresolved” class for each major group; 
the uNesoh!ed category contains observations common to both types of source material. 

Table I shows results of applying the sorting scheme to the potential source materials. The rightmost 
column indicates the number of lead-bearing particles characterized for each specimen.The data 
are presented two ways: (1) as percentages of the total volume of lead-bearing features 
characterized in each sample (which will be referred to as “volume-weighted“) and are derived 
from the sum of the classification results (Figure I); and, (2) computed in similar fashion, but 

sum of feahre volume times lead X-ray relative intensity percentage (which 
“concentration-weighted“). The former corrects for the different estimated 

volumes of.lead bearing features.The latter adjusts for estimated lead content as well as volume 
and is considered a more useful estimate of exposure potential. 
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FIGURE 1. Criteria uscd in linear sorting algorithm for thc classification of particles idcntificd in the 
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chat material sample results under the paint column ofTable 1 indicate that on avolume-weighted 
basis iess than 5%. and on a concentration-weighted basis less than 7%. of the waste pile lead is 
incorrectly classified as being of paint in origin. The paint sample results under the waste pile 
column show that generally less than 5% of the lead is improperly ascribed for both weighting 
methods. The unresolved component in each of these materials is quite variable. While results 
exhibit considerable variability in the “signatures” of the possible contributing source materials. 
the overall median percent identification for volume and concentration-weighted as the actual 
source is high for both waste pile (69% and 79%. respectively) and paint (82% and 86%. 
respectively) samples, and are similar for both weighting methods. To account for possible 
limitations in sample size and individual extreme values the medians are reported to describe the 
central tendency of the distributions. 

TABLE 1. Particle Classilication Results Given by the Sorting Algorithm (Version 
1.0) for Source Materials. Results Are Normalized First as a Percentage 
of the Total Estimated Volume of Lead-bearing Features Found in Each 
Specimen (Percent-volume), and Second as a Percentage of Total Estimated 
Feature Volume Weighted by the Lead X-ray Relative Intensity for Each 
Particle (Percent-concentration) 

Waste Piles Paint TJtlrrsolved , 

Percent Perccnt Percent Percent Perccnt Perccnt Number of 
Volume Conccnmtion Volume Concenmtion Volume Concentration particlcsl 

Chat 
glass 47.8 , 22.0 3.8 5.1 48 3 72.9 282 
1~38% 79.1 62.4 4.6 6.8 163 30.8 210 
brclOl 74.1 69.4 3 A 3.8 22.4 26.8 450 
lwffc 95.6 735 05. 4.7 3.9 21.8 307 
brffc 90.0 86.2 -51 0.2 9.8 13.6 302 
Soil’ 
mill 585 505 0 .o 0 .o 415 49 5 178 
Paint 
P431ia 0 1) 0.0 922 96.0 7.8 4.0 272 

P5llp4 0.1 0.1 99.1 98.9 0.8 I .o 280 
P48Opl 0.1 0.1 93.4 89.4 65 105 469 
P509p2 05 03 693 65.7 303 34.0 386 

P256ia 0.1 ,;O.I 25 1) 36.3 74.9 63.6 272 

P495p2 02 0.3 93.0 88.4 6.7 113 575 
djp00 I 02 0 3  912 92.1 8.6 7 .O 395 
sfPo03 0.6 0.6 75.2 ’ 82.9 24.2 16.4 389 
E563,;:.. .’ .. 1.6 I .7 9.7 12.8 88.7 855 279 

2.0 2.2 74.9 77.9 23.1 20 5 290 

P50601 5.3 5.3 89.3 . 88.9 5 A 5.8 . 400 

’- p172& . -: 
P172xc 2.6 25 42.4 42.3 55.2 5 5 2  287 

‘Number of particlk that lead-bearing features where found for ‘high’ Ihrrsholding. 
’yard Soil Samples  from the eight homes were p l e d  together to form one sample for P A  analysis. 
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The soil data show no particles which could easily be identified as having been derived from 
paint, but about half of the lead volume and concentration-weighted particles may be of waste 
pile material origin (Table 1). Since paint sources were'not expected in the soil samples this 
suggest that the algorithm is not prone to false positive indications for paint.Additionally.previous 
investigations have found elevated soil lead concentrations above background and concluded the 
w&te piles were the primary source (ATSDR. 1994.1997). For the waste pile rdaterials.paints 
P172xb. P256ia and W 6 x a .  and for the composite soil sample, most of the unresolved entries in 
Table 1 were contributed by class category 5 particles (Figure 1) in which the lead 
X-rays were greater than 90% of the total net count. Such features could be lead metal, various 
lead oxides or lead carbonate particles; particles that may be naturally present in paint 
compositions, may form in the waste pile ,materials and soil as the result of environmental 
transformations. or may be derived from other sources, and be transported indoor. Without 
additional instrumental capabilities, we could not distinguish among these possibilities and they 
reflect a limitation of the present study. 

Hunt et al. (1991) used a similar iterative procedure for development of adescriptive classification 
scheme applied to lead in house dust samples. In their work, automotive lead categories were 
included where the presence of bromine and lead in the X-ray microanalysis of particles indicated 
lead halides characteristic of automobile emissions. We did not include such classes as we did 
not observe any such characteristic features in the samples we analyzed. It is possible that 
unresolved particles of both the soil and the house dust samples contain lead of automotive 
Origin. 

i .... , ,, 
Source Appon?onrnenr Model 
Application of the initial classification scheme to the house dusts derived from home vacuum 
cleaners is shown in Table 2. The descriptive classification for concentration-weighed results 
showed significant contzibutions to the ambient house dusts by both the waste pile materials 
(1-34%.median 17%)andtheleadbasedpaints(1-50%.median 12%),butover60%ofthelead 
(32-99%) waS unresolved. Repeat analysis on a second prepared sample from house dust vacuum 
cleaner bag H465 indicated g w d  precision of the method for application to the field samples 
from the superfund area, particularly for the concentration-weighted results which varied by less 
than 10%. 'The classification scheme was also applied to two samples not derived from the 
supelfund area: sample H314 a control home matched for demographics (ATSDR, 1997). and 
SYR collected separately as a prealiatem%? sample from a residence in Syracuse, NY. Results 
from both samples showed limited indication of contribution from waste pile sources or paint, 
with the majority of classification results as unresolved. 

The data set for source particle characterization is not yet large enough to support a classification 
scheme with substantially greater resolution. but the results can be used in a simple source 
apportionment calculation. Since all of the potential source materials contain Unresolved 
constituents, such a model might be capable of attributing portions of the unresolved components 
to characteristic sources. '' 
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TABLE 2. . Particle Classilication Results Given by the Sorting Algorithm (Version 
1.0) for Home Vacuum Cleaner Dkts.  Results are Normalized Fust as a 
Percentage of the Total Estimated Volume of Lead-bearing Featun-s Found 
in Each Specimen percent-volume), and Second as a Percentage of.Total 
&timated FeatureVolume Weighted by the Lead X-ray Relative Intensity 

? . 

;a , ::.e. 
-0 . for Each Particle (Percentsoncentration) .;7- rh. 

Pemnt Percent Penent Percent Percent Percent Numberof 
. .. .. Volume Concentration Volume Concentration Volume Concentration pardclesl 

H465 40.6 21.0 16.1 24.4 43 3 565 279 
H46Srcp' 27.1 21.9 242 25.6 48.7 525 323 . 
H256 155 15.0 242 292 603 55.8 171 
H431 .' 55 n 31.8 0 A 0.6 . 43.9 61.6 177 
H112 47.7 14.7 10.8 11.7 415 73.6 235 
H275 502 173 27.9 50.3 21.9 32.4 168 
H404 48.8 25.8 . 172 41.7 34.0 32.4 146 
H474 27 D 142 0 5  0.9 125 84.9 .., 156 
H282 46.8 33.8 2.8 3.6 50.4 62.6 163 
~314c0nm13 112 0.8 65 2.4 823 98.8- 10 
SYRconml' . 6.4 4 3  5.8 4 3  823 85.6 302 
'Numbcr of parfic:s thal lead-bearing features where found for 'high' threshold@g. 
' R e p 1  sample analysis 
'Conml home remote from he superfund sNdy Site. Bulk analyses showed wncentntions < 200 @g of 
lead. and only 10 lead-bearing features wen found after analysis of 665 high avenge atomic number 
features: 
'SNdy residence in Syracuse. NY sa~?pled prior to lead pabt abatement activities. 

Source appo&onment models based oa?pchemid mass balance can be developed for any data 
partitioning approach; elemental composition. quantification of c r p l h e  components, isotope 
ratio signatures.etc.(Watson. 1982).JohnsonandMcIntyre(1982) sh6wedthatthemathematical 
methods could be used for a particle class balance. After developing a sorting scheme for 
classifying individual particle analysis results, it was applied uniformly to both potential source 
particles and ambient aerosol particles. From this. characteristic particle type distributions for 
potential source materials esGblished a source signature matrix analogous to that from bulk 
elemental composition determination. The general form of the mathematical relationship is: 

C = A * S  (1) 
.. . 

where C is a column matrix of particle types in the unknown or ambient sample, A is a column 
maQix;pf+e.(potential) source signatures, and S is a column matrix of the source strengths. A 
.short,FQRTRAN routine was used to solve for S: 

. -. . 
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This least squares procedure computed the fraction of each analyzed souye necessary to produce 
the ambient sample signature. minimizing the difference between observed and predicted particle 
type distributions. 

The particle class balance model for apportionment is subject to the same aisumptions as the 
chemical mass'balance; (1) the number of components measured is greater than the number of 
sources to be fit, (2) the source composition completely describes the ambient samples. (3) the 
source compositions are constant, and (4) the sources are linearly independent of each other. 
Without a complete characterization of each point or area source for each study home, we can't 
address the constant source composition assumption. We'used average signatures for the three 
types of source materials sampled (chat, soil, paint). The analytical results for each group were 
combined and classiIied'according to the scheme in Figure 1 to provide the source signature 
matrix. The source independence is also subject to question. Particulate lead deposited in soils 
undergoes a variety of transformations altering its (possibly) characteristic form as emitted from 
a source. Until further investigation of the unresolved category5 type particles, we have chosen 
to include an additional generic source for these particles in the particle class balance source 
signature matrix calling it "common oxide" with a classifxation enhy of 100% in category' 5. 

Particles with undetermined source were found in significant amounts in many of the source 
material characterizations (Table 1) and were dominant in the analytical results'of the household 
dust samples. Asmibing their origin in the latter samples to a probable source was carried out by 
a l&t squares apportionment model. Average particle classification signatures (dispibution acmss 
the 16 classes in the sorting algorithm) were computed for waste pile materials, p&ts,,and the 
composite soil resulu. A fourth signature for the common (unresolved) oxide type particles was 
also included the source signature ma&; and apporrionment'was canied out using both the 
volume- weighted and concenrration-weighted summaries. 

. . ,.s 

Applying the least squares apportionment model to the household vacuum dust, shown in Figure 
2, demonstrate how the particulate lead in the collected house dust samples are distributed across 
four possible source types. Negative entries arise from the least squares fitting procedure. and for 
the results presented here, are less than 10%. and indicate that the uncertainty associated with the 
model results is low. Based on volume weighted signatures, waste. pile sources show greater 
medium contributions than paint particles;Q6-% with a range of -8% to 57% and 16% with a 
range of 2% to 80%. nspectively. Transport of soils contributed about 36% (1% to 65%). and the 
common oxide was 15% (-3% to 38%). By comparison. the 15 house study of Hunt et al. (1994) 
found that on a volume weighted bases (< 64 p fraction) paint contributed about 33% (5% to 
95%) to the house dust and the common oxide panicle type about 4% (0 to 14%). In the latter 
study, soils and mad dusts together, as external sources, accounted for 46% (1% to 80%) of the 
particulate lead; in the present work, soils and waste pile materials together average 62% in their 
c0ntribution.h both studies.the souse contributions were highly variable across potential types. 
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Apportionment results based on the concenmtion-weighted summaries for waste pile material 
and paint conhibutions are similar to those of volume weighting alone (Figure 2). showing a 
median of 21% (6% to 60%) for waste pile particles and 23% (-1% to 89%) for paint. However. 
the soil conhibution is substantially less, about 8% (-2% to 19%) and the common oxide source 
snength is higher at 29% (4% to 75%). These differences are the expected results since the 
common oxide features have a high lead content and much of the lead in soils is bound to larger 
particles (Johnson and Hunt, 1995). 

T-T 

Volume Concentration 

Attributed Source 

M W a s t e  

=Paint 

a s o i  

Common Oxide 

Weighting Method 

FIGURE 2. Boxplot describingksults of applying least squares results of the classification sorting a l g o r i h  
ta the idtcrior household dust samples. Results are fmt normalized and weighted as a pemntage of the 
eshatcd volume of lead-bearing features found in the amibuted source. and sccond weighw as a percentage 
of total estimated concc"nlaon. The box contains 50% of fhe data. TIC crossbar within the box indicates 
themcdian.Whiskenabovcor~lowthcboxdanibetherangeandskcwnessfor95%ofthedatadis~~tion. 
The cLcles show individual outlien kyond the 95th percentile. 
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CONCLUSIONS 

Using the P A  method and applying a least squares apportionment model, an analysis of lead 
sources on the household vacuum bag dust at a mining waste superfund site was performed. 
Based on particle volume-weighting the median proportions of lead derived from the conhibuting 
sources is 26% from mining waste, 16% derived from a paint source, and 37% from soil. For 
15% of the lead particles a specific originating Source could not be determined. Using the particle 
concentration-weighting method the median proportions observed were 21% from mining waste, 
23% from paint, 8% from soil. and 29% could not be identified. Dese results suggest that the 
waste piles are at least as important a contribution source as lead-based paint to the presehce of 
indoor lead dust. It is reasonable to assume that a large percent of the lead derived from yard soil 
and the unresolved or common category also originated from the waste piles. Therefo!e. the 
overall contribution of the waste piles to house dust may be geater than the contributiod from 
paint,bg both total particle volume and lead concentration-weighted methods. Knowledgeof the 
proportion of exposure from contributing sources is important in assessing exposure, health risk, 
and development of health promotion activities. 

To add additional resolution in the descriptive classification scheme and to more fully determine 
the impact on lead in household dust derived from the waste pile and the conhibution of boil as 
a source and/or transport media, further characterizations need to be performed on particle 
morphology (volume and sue) and particle concentration of lead found in household dust. 
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